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Résume -On considère un problème aux limites elliptique dégénéré, provenant d'un problème de Dinchlet ayant une symétrie de révolution Pour approcher la solution, nous construisons une méthode d'éléments finis basée sur une triangulation usuelle du domaine, mais avec des fonctions approchantes adaptées Cet aspect a déjà ete mis en relief en dimension un, par Crouzeix et Thomas Par une technique d'approximation de domaine et d'estimation à priori, nous donnons une démons-tration directe, dans le cadre bidimensionnel, de la régularité de la solution Ceci permet de retrouver un comportement asymptotique de l'erreur, identique au cas standard

STATEMENT OF THE PROBLEM
Let Qbea convex bounded domain with a polygonal boundary contained in U 2 + = {(r, i) e U 2 ; r > 0 } ; Y = dQ n U% is the boundary of Q in R 2 + . We assume that ît mtersects the z-axis at right angles, i.e. there exists R > 0 such that Let ƒ be a given fonction defined in Q ; we consider the following boundary problem :
This problem has a (weak) variational formulation which needs the introduction of some fonctions spaces in order to be stated. The notations are those used in the partial differential équations theory (see e.g. Lions-Magenes [8] [2] , Lailly [7] , Now, with a variational formulation, we can make various conformai approximations of the space V in order to approximate the solution of (1.2). For the one considered here, we have an error behaviour which is the same as in the standard case.
We consider the following mesh of Q denoted by &~h ; h is the maximum of diameters of the éléments of ?F h and is destined to tend to 0. K will be a generic element of $~\ Jf is the set of ail vertices of the éléments K which do not lie on the z-axis. We consider three kinds of approximating functions.
Case 1 : K is a rectangle with a side on the z-axis ; we have
H K represents the vertices of K which are not on the z-axis.
Case 2 : K is a rectangle and has not the above property ; then P K = { oc + pz + y log r + 8r log r ; a, (3, y, 6 e M } ;
1L K represents the set of the vertices of K.
Case 3 : K is a triangle (which happens far from the z-axis) ; we have Z K represents the vertices of K.
In each case, if v is a continuous function around the éléments of S x , we can define in a unique way the interpolate nv of v by
Then, we defîne It is easily seen that we have the following resuit : PROPOSITION 
1.1: S*(Q) is a subspace of'ifi(Q)
Cea's lemma leads to II « ~ w* IIHî(n> < c II « " ^ IIH; ( n) ; Vz/* eK\ (1.5) where c is a constant independent of u and Zi.
In the sequel, c will dénote various pure constants and we shall indicate which éléments it does not depend on, in each case.
To give the error estimate, we need some regularity results.
REGULARITY OF THE SOLUTION
We suppose that ƒ is in L\(Q) (Le. the data in the axisymmetric three-dimensional problem is L 1 ). We have the following main resuit : we set then, we have The proof of theorem 2.1 will be reduced to the non degenerated case by the following à priori estimâtes.
For e > 0 small enough, Q e is the approximated (convex) domain given by cutting in Q a band of width s around the z-axis : Dénote by w et ôw/ôr the extension by 0 of w and dw/dr respectively ; Hardy's inequality leads to
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After integrating in z and taking into account that w and dw/dr vanish outside of Q £ , we obtain (2.5).
• Proof of theorem 2.1 : -A P is a continuous injective operator from £(Q) into Li(Q). Theorem 2.1 will be proved if we show -A r is surjective as well. At the same time, we will give an estimate of the continuity constant of the inverse operator.
Let ƒ be in Ll(Q). For e > 0 small enough, we dénote by f e = ƒ | fla the restriction of ƒ to Q £ .
We know (see Grisvard [6] ; at this step, the convexity of Q is needed) -A is an isomorphism of Banach spaces from £ e onto L 2 (Q e ). Extending by 0 all the partial derivatives of w £ to Q, and using the well-known properties of weak compactness of finite balls in Hubert spaces, as well as the continuity of partial derivatives in B '(Q), we obtain that there exists a function u in Df(Q) which satisfies -A r u = ƒ in B '(Q).
The compactness of the injection of H^O C (Q) into H^Q) implies also that u is in V (hence, it is in E(Q)). Finally, the inferior semi-continuity of the norm of L\{Q) insures that
where c is a constant depending only on the diameter of Q by Poincaré's inequality. The constant of Hardy's inequality is independent of Q. 
where c is a constant independent of h and ƒ in Ll(Q). m
Standard techniques give the proof, using the following lemmas. Proof : It is sufficient to remark that both semi-norms with and without weight are uniformly equivalent far from the z-axis and then to apply standard error interpolation estimâtes.
• The proof of theorem 3.1 results from the above lemmas by Standard techniques of majoration of the error over each element which can be reduced by a linear affine transformation keeping the estimâtes under assumption (3.2) to the cases (3.3), (3.10) and (3.11).
•
